Abstract
Introduction
Posterior tibial tendon insufficiency (PTTI) or the adult acquired flatfoot often causes a progressive flatfoot deformity [1] . Early in the course of the disease, osteotomies can be successful as part of the surgical treatment [2] , whereas late in the course, fusions in the hindfoot are commonly required. Patients who are considering waiting on surgical treatment can ask BWhat if I wait and am treated when my deformity has progressed, will my outcome be different, and how will it be different?^No study has directly compared the results of patients treated at different stages.
Staging for PTTI has been commonly done with stages I-IV [1] . Stage I includes patients with Bno deformityf rom PTTI, stage II flexible deformity, stage III fixed deformity, and stage IV deformity at the ankle as well as the foot. Stage II admittedly encompasses a large number of patients with a varying amounts and types of deformity. Stage II is therefore subdivided in this study. Stage IIa patients have minimal abduction deformity through the proximal midfoot as determined by clinical and radiographic examination. Stage IIb have significant abduction noted to be more than minimal on clinical examination and more than 30% uncovering of the talonavicular head on the standing anteroposterior (AP) x-ray of the foot. Stage IIa patients are treated for the heel valgus with a medial heel slide, and in stage IIb, patients can be treated with a variety procedures, one of which is lateral column lengthening to correct the abduction [1] [2] [3] . Although lateral column lengthening is a commonly used procedure, some surgeons do not use it and choose a medial slide with other procedures and/or fusions in the foot [4] [5] [6] . There is evidence that lateral column lengthening increases pressure on the plantar lateral side of the foot, particularly if it is done through calcaneocuboid joint [7] . Stage III patients have fixed deformity, which minimizes or eliminates passive inversion of the triple joint complex (talonavicular, calcaneocuboid, and subtalar joints). Stage III is corrected by a talonavicular arthrodesis, most often part of a triple arthrodesis. Admittedly, comparing the results of treatment between these different stages means that comparison is being made between patients who presented different amounts of deformity and had different treatments. However, direct comparisons between these different groups is likely to be useful to answer the question, BWhat if I wait and have to be treated for more deformity, will there be differences in my outcome and what will they be?^The hypothesis of this study is that there are significant differences in outcome between the different stages. Confirmation or lack of confirmation of the hypothesis can be useful to both patients and physicians.
A preliminary study was first undertaken in stage IIa, IIb, and III patients to determine if there were indications of different results in these groups. A second study was then done with a larger number of patients to determine if a larger study would detect differences between stage IIa and stage IIb outcomes.
Materials and methods
For the first study, 23 patients were retrospectively reviewed with a minimum of 5 consecutive patients in each subgroup to include stage IIa, IIb, and III patients ( Table 1) . A total of four groups were used, with the third of four groups to include a second method of treating stage IIb patients. The groups consisted of group 1 (stage IIa), treated with a medial slide calcaneal osteotomy, group 2 (stage IIb), treated with a medial heel slide and lateral column lengthening proximal to the calcaneocuboid joint, group 3 (stage IIb) treated with a medial heel slide and a lateral column lengthening done through the calcaneocuboid joint with an arthrodesis of that joint, and group 4 (stage III), which consisted of patients with fixed deformity treated with a triple arthrodesis [1, 2, 5] . Groups 1-3 all had a flexor digitorum longus transfer as well as the bony procedures. Although there is variation in how surgeons treat different stages, the treatments listed are commonly used procedures for these stages. All patients were reviewed at a minimum 2-year follow-up and were operated on by the same surgeon, but with the review performed by a different observer.
The second study expanded the number of patients in groups 1 and 2 to look for differences between these two groups. The goal was to detect differences not detectable in the smaller study. This study included 26 consecutive patients in group 1, and 22 in group 2.
The outcome assessment included physical exams, x-rays, the American Orthopaedic Foot and Ankle Society (AOFAS) hindfoot scale and an additional functional question [8] . Patients frequently ask, BWill I be able to get exercise on my operated foot?^This question was, therefore, included. Finally, all patients were asked if surgery improved their ability to walk and if given the choice again whether they would have surgery. Patients did their final assessment at a minimum 2 years after their index procedure (average follow-up, 39.7 months).
X-ray measurements were made from AP and lateral views on pre-and postoperative films. Measurements included the lateral talometatarsal angle, plantar medial cuneiform to plantar fifth metatarsal base distance, and on the AP view, the AP uncoverage angle [3] .
In the second study, the same patients used in groups 1 and 2 were included with the addition of consecutive patients to increase the number of patients. In addition to the AOFAS outcome scores, questions were added regarding stiffness and lateral discomfort or pain. A visual analog scale (1-10) was used for stiffness, and patients were asked to answer Byes^or Bno^to presence of lateral discomfort or pain. These questions were added because of concerns of stiffness or lateral discomfort after the lateral column lengthening procedure.
Results
All patients in the preliminary study felt surgery improved their pain significantly. All except one patient believed surgery improved their ability to walk and would repeat the surgery. The exception was a patient from group 3 who had lateral pain pre-and postoperatively. Although the pain was improved, it was not improved adequately by the surgery.
The results for the AOFAS hindfoot score in the preliminary study was 86.6 and 85.0 for the groups 1 and 2 (stages IIa and IIb), respectively, and 65.4 for group 3 (stage IIb) and 63.2 for group 4 (stage III) (Fig. 1) . Preoperatively, these scores were 56 and 53 for groups 1 and 2 and 54 and 50 for groups 3 and 4. Despite large differences in AOFAS scores, there were not significant differences among the four groups in the small study. However, if group 4 (stage III) was compared to group 1 and group 2, there was a significantly inferior score (p < .05). If analysis was done grouping osteotomy procedures (groups 1 and 2) together and arthrodesis procedures (groups 3 and 4) together, there was a statistical difference between the osteotomy and arthrodesis groups. The x-ray measurements showed statistically significant ( p < .05) correction between the pre-and postoperative values for all four of the procedures. This was true for each one of the x-ray measurements. Differences between the groups for the amount of correction were not significantly different.
For the question of the ability to get enough exercise, only 1 patient in the 12 patients (14%) in groups 1 and 2 was not able to get enough exercise in comparison to 6 of 11 (55%) not able to get enough exercise in groups 3 and 4.
There were two complications in the preliminary study. The one dissatisfied patient mentioned above was in group 3 and had a non-union of the fusion. The patient was reoperated on with compression staples and went on to heal. One patient in group 2 had a delayed union with infection. This patient was treated with antibiotics and debridement and went on with an excellent functional result (no pain, no limitations with walking or the ability to get enough exercise).
The results from the second study showed that the AOFAS hindfoot scale was 90.8 for the expanded group 1 and 84.7 for the expanded group 2, again no statistical difference. Statistical difference was found for lateral discomfort with 10 (45%) of 22 with lateral discomfort in group 2 vs 4 (17%) of 23 in group 1 (Fig. 2) . No difference was found for stiffness, with 3.0 in group 1 vs 2.9 in group 2 (Fig. 3) . However, if patients in group 2 with lateral discomfort were compared with those without lateral discomfort, there is a statistical difference, with average 4.98 stiffness with lateral discomfort patients vs 0.76 for those in group 2 without lateral discomfort (Fig. 4) .
There were two complications in the second study in addition to those noted in the preliminary study. Two patients were revised to decrease the amount of lateral column lengthening because of the complaints of lateral weight bearing and stiffness. Revision improved these complaints in both patients satisfactorily.
Discussion
In the preliminary study, the lowest AOFAS score was 63.2, the score for group 4 (stage III treated with triple arthrodesis). These patients admittedly require arthrodesis because of fixed deformity. With the significant loss of motion pre-and postoperatively, it is not surprising that they have lower scores than stage II patients who were treated with procedures that preserve more motion. The number of patients is small, so the results should be considered indicative rather than definitive. It is, however, consistent with most of the literature. In the largest study of triple-arthrodesis patients, patients who had had a triple arthrodesis had a postoperative AOFAS score of 60.7, similar to the results in the preliminary study of 63.2 [9] . Despite the low outcome score, the patients, as in the present study, had a high satisfaction rate and felt that surgery increased their function.
The other low AOFAS score in the preliminary study was 65. arthrodesis). Like group 4, it was not statistically different from the other three groups. However, if group 4 was eliminated from the analysis, then group 3 was statistically different from groups 1 and 2. This trend to a lower score with the stage being the same for groups 2 and 3 suggest that it was the type of procedure (an arthrodesis of CC joint) that may have made for the poorer results. Indeed this procedure, a lengthening CC fusion, has become less frequently mentioned in the literature, possibly because of inferior results and difficulty in achieving union [6, 10] . The highest scores were in groups 1 and 2, which were the lowest stages and treated with osteotomies, not fusions. However, these two groups were different in their staging (stage IIa and IIb). There was no indication of differences in their results in the preliminary study with AOFAS scores of 86.6 and 85.0, respectively. However, there have been concerns of lateral discomfort or pain and stiffness after lateral column lengthening procedures such as used in group 2 [6, [9] [10] [11] . A second study with a larger number of patients was therefore done to compare groups 1 and 2.
In the second study, the AOFAS scores between groups 1 and 2 remained high (90.8 and 84.7, respectively). There was no statistically significant difference between these AOFAS scores. However, when asked about lateral discomfort, there was a statistical difference, with group 2 having a higher incidence of lateral discomfort (45%) in comparison to group 1 (17%) (Fig. 2) . Two patients who were revised for lateral discomfort were included in the lateral discomfort group, although revision surgery resolved their discomfort. It should be noted that the other patients who had lateral discomfort did not feel the discomfort was disabling and were satisfied with their procedure. Although this discomfort was in most cases not disabling, it would be best to minimize its frequency. What is the origin of the lateral discomfort in these patients? Although this study cannot definitively answer this question, it does provide an indication. It does not point to the arthritis in the CC joint, originally thought to be a potential problem [12, 13] . These patients did not, by xray, have CC joint degenerative changes and did not point to the CC joint as the source of their discomfort. Instead, they commonly pointed to the plantar lateral border of their foot. This is consistent with the biomechanical study of plantar foot pressure after lateral column lengthening [7] . As stated in the results, patients with lateral discomfort had the highest incident of stiffness (4.98) in comparison to others in group 2 (0.76) (Fig. 4) . This suggests that in these patients with lateral discomfort, the lateral column lengthening had resulted in more stiffness. This stiffness (with less eversion) could in turn lead to more lateral weight bearing. A goal for the future would be to treat stage IIb patients with a lower incidence of postoperative stiffness and lateral discomfort. This could be done by determining how to minimize stiffness with a lateral column lengthening or use other procedures which minimize stiffness yet still give adequate correction.
In summary, this study does indicate that there are differences in the results of treatment of PTTI by different stages of I, IIa, IIb, and III. Admittedly, these stages are treated with different procedures. The different procedures themselves can be contributing to the different results, as noted in the results of treatment in groups 2 and 3. For the treatments reviewed, this study suggests that patients who are treated at stage IIa are likely to have the best results. Improvement of results in the future will be to treat patients before procedures that stiffen the hindfoot are necessary and minimize the incidence of stiffness if lateral column lengthening or other procedures are to be used.
